Usually, the maize cob is formed by grains of medium size. However, the extremes have larger or smaller size grains. The objective of this study was to investigate the influence of grain size from the same hybrid on the physicochemical properties of isolated starch, crude maize flours and nixtamalized maize flours. Two hybrids, one from CIMMyT-Mexico called IMIC-254 and one commercial sample from Monsanto (Puma) were studied. The isolated starch granules from small, medium, and large grains exhibit the same size and distribution. The grain size has influence in the determination of cooking and steeping times; small grains reach these parameters faster than medium and large ones. The hardness of the grain size for both hybrids does not showed statistic-* Corresponding author.
were approximately 66,670 plants•ha −1 0.75 m between rows and 0.20 m between plants within a row); and the other one was Puma hybrid from Monsanto harvest in Sonora in 2014. Both grains were grown under controlled irrigation conditions, after harvesting and drying, shelled maize grains were separated according to their weight in three different grain sizes: small, medium, and large ones (see Table 1 ).
Crude Maize Flour Preparation
Whole grains (50 gr of each of the grain size groups) for IMIC-254 and Puma, were ground using a coffee miller (Krups, USA) and the flours were passed through a US 60 sieve.
Isolation of Maize Starches
The small, medium, and large maize grains of IMIC-254 and Puma hybrids were soaked for 12 h in distilled water at 4˚C. Then the germ and pericarp of these samples (100 g) were manually removed. The bare endosperm was blended at high speed for 2 minutes using a stainless steel blender (Osterizer). The slurry was washed through a 60 (0.417 mm) and 100 (0.147 mm) US sieves. The filtered product was centrifuged at 25,000 × g for 20 minutes; the resulting supernatant was decanted. The isolated starch granules were washed three times with distilled water and then dried in a vacuum oven using 1.33 Pa and 40˚C, the dehydration process was carried out for 8 h. Finally, the dried starch was ground, passed through US100 sieve, and packed until use.
Chemical Proximate Analysis
The crude protein of small, medium, and large maize grains from IMIC-254 and Puma hybrids, as well as the protein of the isolated starches of small, medium, and large maize grains (N × 6.25) was measured by the micro-Kjeldahl [7] , Moisture [8] , total ether extract [9] , and ashes [10] , crude fiber [8] . All the measurements were done in triplicates.
Particle Size of Isolated Maize Starch
The particle size of isolated starches from small, medium, and large maize grains for IMIC-254 and Puma hybrids was determined using Mastersizer MS2000 of Malvern Company (United Kingdom). The test was carried out using dry dispersion module in a vacuum (Scirocco), with 2 bars of pressure and feed rate 50%. 6 g of maize starch was used of each size. The reported value corresponds to the average of three measurements.
Amylose and Starch Determination
The starch and amylose content was determined using the commercial kit from Megazyme, assays K-TSTA and K-AMYL respectively, (Ireland International, Ltd., Bray, Ireland) according to the manufacturer procedure [11] [12].
Physical Properties of the Maize Grains
The weight of the small, medium, and large grains was determined using an Ohaus Voyager weight scale (0.0001 g) and reported as the average value of 500 grains. Thickness, width, and length of the maize grains were determined using a homemade imaging analysis system that determines the parameters mentioned above for 5 grains at the same time. The reported values correspond to the average of 500 grains.
Mechanical Properties
The breaking force of small, medium, and large maize grains samples for IMIC-254 and Puma hybrids was carried out using a Zwick Roell, model Z005. The penetration test was performed using the side that shows the germen in front of the penetrator. A 200 N load cell was used, and 2 mm/min speed. 50 maize grains were used per sample.
X-Ray Diffraction Characterization of Starch
The X-ray diffraction patterns of amylose (Sigma-Aldrich A-7043, 70% purity, USA), amylopectin (Sigma-Aldrich 101220, 75% purity, USA), as well as the isolated starch from small, medium, and large maize grains for IMIC-254 and Puma, were studied. The samples were ground to a fine powder and passed through a 147-µm screen. The powder samples were then densely packed into an aluminum frame. The X-ray diffraction patterns of the samples were recorded on a diffractometer (Rigaku, miniflex) operating at 35 kV and 15 mA, with a Cu Kα radiation wavelength of λ = 1.5406 nm, and from 5˚ to 70˚ on a 2θ scale with a step size of 0.02˚. The measurements were performed at room temperature.
Nixtamalization Process
The small, medium, and large maize grains of IMIC-254 and Puma hybrids were nixtamalized separately following the process described by Gutierrez et al., 2007. In brief: to have a complete control of the nixtamalization process during the cooking and steeping steps and, more importantly, to have a reproducibility of the samples, a nixtamalization computer controlled process (NCCP) was used. In the initial cooking step of the nixtamalization process, each sample was prepared by cooking 0.5 kg grains in a solution of 1 L of distilled water and 0.5 g of calcium hydroxide (1%, w/w) (reagent powder, Fermont, Monterrey, NL, México). The maize grains were added to the container and heated until 92˚C. When the sample reaches 36% moisture content, the system was turn off (end of the cooking time), and the temperature gradually decreased. The temperature changes were monitored until the sample reached the chosen steeping time to begin the washing process. The steeping time for each sample was 7 hr. The cooking liquor (nejayote) was drained off and the nixtamal samples were washed twice with water (distilled water was used to avoid Ca interference) using 2:1 (v/w) ratio water-sample by stirring the grains in the wash water for 1 min. Then the samples were milled and dried at 40˚C for 12 h.
Moisture Content during Nixtamalization
The moisture content of the small, medium, and large maize grains of IMIC-254 and Puma was monitored during the cooking and steeping steps using an infrared heating thermo-balance (Sartorius Moisture Analyzer-MA35). For moisture content determination during the cooking and steeping the maize grains were ground into flour, using an electric coffee bean grinder. Small amounts of maize (5 g) were extracted from the cooking container, then allowed to cool, and the outside excess water was removed from the grains with paper towels. Aluminum dishes were used for moisture determination. Data was reported in percentage of dry basis. The samples were analyzed in triplicate.
Scanning Electron Microscopy
The morphology of the starches of IMIC-254 and Puma hybrids for small, medium, and large maize grains were performed with a high vacuum scanning electron microscope (JEOL, JSM-6060LV) with a resolution of 5nm in HV mode. Before the analysis, the samples were fixed on the specimen holder with carbon tape and mounted on a bronze specimen holder. The analyses conditions used 20 kV electron acceleration voltage and 12 -20 Pa of pressure in the specimen chamber obtaining the images with the secondary electron signal.
Calcium Content
The calcium content in nixtamalized samplesIMIC-254 and PUMA obtained from larger, medium, and small maize grains, as well as the endogenous calcium in the maize kernel was determined by the dry ashing method [8] and the methodology reported by Gutierrez et al. [4] and Valderrama-Bravo et al. [13] . The residual calcium content was measured with a double-beam atomic absorption spectrometer (Analyst 300 Perkin Elmer) equipped with a deuterium lamp, background corrector and a hollow cathode lamp. A calcium standard (1000 ppm) was used to elaborate a calibration curve with a certified reference (High purity standards, USA, corn meal-solid Allen Bros. Milling Co.). The average from three measurements for each sample was reported.
Apparent Viscosity
In order to determine the apparent viscosities of the isolated starch, crude maize flours, and nixtamalized-water suspensions from small, medium, and large maize samples of IMIC-254 and Puma hybrids, pasting profiles were obtained. Crude maize flours and nixtamalized samples were obtained from the sample retained in the US mesh 60; while isolated starches were passed through the US mesh 100. The pasting profiles were determined using a Rheometer MCR-102 (Anton Paar, Germany), 3 g of starch and 18 mL of water (85.3% moisture) sample was tested using the following thermal profile: the temperature of the system was 50˚C, and it remained constant for 1 min. Then the sample was heated for 5.3 min from 50˚C to 90˚C and then held at a constant temperature of 90˚C for 5.3 min. The sample was cooled down to 50˚C in 5.3 min., and this temperature was kept constant for 2 min. The total time for this test was 23 minutes. Three different measurements were done. The frequency operation was 194 rpm.
Differential Scanning Calorimetry
The DSC curves of isolated starches for IMIC-254 and Puma were measured using the Differential Scanning Calorimeter DSC Q100, TA Instrument. Calibrations were performed using pure indium with a heat of fusion of 28.4 J/g and a melting temperature of 56.66 ºC. Samples of 6.0 ± 0.1 mg were prepared by adding deionized water to the mafafa starch into the pan until it reached a moisture of 85% (w/w). The pans were hermetically sealed and kept at room temperature for 12 hrs and then, the samples were scanned from 30˚C to 110˚C at 7.5 °C/min. An empty aluminum pan was used as a reference. During the scans, the space surrounding the sample chamber was filled with dry nitrogen. For each thermogram, the gelatinization transition parameters were measured using a DSC software (Universal Analysis 2000 TA Instruments). These values were referred as onset (T0), mid-point (Tp), and end (Te) temperatures and enthalpy of gelatinization (∆H). Each experiment was conducted in duplicate.
Results and Discussion

Physico-Chemical Characterization of Maize Grains
The percentage of small, medium, and large maize grains for IMIC-254 was 10.50% ± 2.23%, 64.07% ± 1.56%, and 22.33% ± 1.23%, while for Puma was 13.50% ± 1.33%, 60.25% ± 1.56%, and 29.03% ± 1.12%: This result indicates that medium grains mainly from the maize cob of these hybrids. Significant differences were found in length and weight of the 3 groups of maize grains analyzed. Small grains were statistically different in width compared to large ones. No significant differences were observed for kernel thickness.
Chemical proximate analyzes of small, medium, and large maize grains as well as the physical dimensions for both hybrids are shown in Table 1 . Moisture of all grains was in the range of 10% -11%. According to these data, IMIC-254 and Puma large maize grains contain more protein, while a lower fat content was found for small grains of both strains. This fact could be due to the germ development. Ash content is lower in small grains for both samples. Ash content was similar in the three groups of analyzed maize grains. In the case of crude fiber, large and medium grains for IMIC-254 and PUMA showed statistical differences about the small ones. A Puma grains showed more fiber content about IMIC-254.
Starch and Amylose Characterization
The protein, fat, ash, and moisture content of isolated starches from small, medium and large maize grains for IMIC-254 and PUMA grains, as well as their amylose and starch content for small, medium, and large starches is shown in Table 2 . According to this table, and taking into account the values reported in Table 1 , the isolation process reduce the protein content and almost eliminate the fat content in both samples, the protein content in isolated starches increases with the grain size. The fat and ash content exhibits statistical differences while the starch content in isolated granules was found to be greater bigger for small starch grains. The amylose content is lower in the case of isolated starch from large maize grains from IMIC-254 and PUMA. It means that both grains are formed mainly by amylopectin. Figures 1(a)-(c) shows the particle size distributions (PSD) of isolated starch samples from small, medium, and large maize grains of IMIC-254, its particle size varied from 3.23 to 24.26 µm; 4.20 -23.77 µm; and 3.40 - Figures 2(a-c) show the SEM images of isolated starch from small, medium, and large IMIC-254 maize grains and Figures 2(d)-(f) show the isolated starch for small, medium and large Puma grains. Polyhedral, spherical, and non-regular starch granules were found. Some of the spherical starches correspond to starch grains coming from the soft endosperm (Gutierrez et al. 2007 ). Using image analysis, the starch size for all samples varies between 3.4 to 23.89 µm. These results are in agreement with the data obtained by using PSD. It is important to recall that there is not a linear correlation between starch size and maize size. The starch particle size is an important parameter because it affects the physicochemical properties of the different product obtained. Figure 3 shows the hardness for IMIC-254 and Puma grains. No statistical differences in this parameter for small, medium and large, grains were found. In fact, the penetration test is looking at the hardness of the pericarp. The hardness of the pericarp is influenced by its chemical composition. The moisture content of IMIC-254 and PUMA grains used in this test was around 10%, and this parameter did not affect the hardness of the grain.
Particle Size Distribution
SEM Analysis
Mechanical Properties
Cooking Time and Moisture Content
The cooking time is function of the moisture content and is determined when the sample has 36% of moisture, and the manual removal of the pericarp is possible. According to this figure, the cooking time for small, medium, and large PUMA maize grains were: 48.7, 49.7, and 51.2 min respectively while for IMIC-254 were 47.8, 54.2, and 54.4. The end of the steeping process corresponds to the moment in which the sample reached 46% of moisture. The samples reached this point as follows: small, medium and large grains for both maize grains. The moisture content, in this case, can be influenced by the physical state of the grains (presence of fissures, and broken tip cap), the morphology of the maize grains, the thickness of the pericarp, and the amount of protein.
Optical inspection of the grains did not show any mechanical damage. As 36% of moisture is the end of the cooking time, for small grains, the water diffusion is faster, and the cooking time decreases. If the cooking time decreases, the energy consumption decreases too.
Calcium Content
Calcium content in nixtamalized small, medium, and large maize grains for IMIC-254 and PUMA grains is shown in Figure 4 : Calcium content in small and medium nixtamalized of IMIC-254 grains is statistically different from the value found in large grains while for PUMA grains no statistical differences were found. It was established that the amount of calcium present in the grain is due to diffusion and percolation of calcium ions into the most internal layers of the endosperm, germ, and pericarp. Additionally, due to the carbonization pro- cess, there exists an accumulation of calcium carbonate on the surface of the pericarp. Taking into account the hardness of the corn grains (Figure 3) , there is no correlation between this parameter and calcium content; the end of the cooking time as was mentioned before is characterized by a 46% of moisture, large maize grains reached this value after medium and small ones. Water and calcium uptake are simultaneous processes, meaning that a positive correlation between these parameters was found (see Figure 5 ).
X-Ray Analysis
The X-ray diffraction patterns of isolated starches from small, medium, and large IMIC-254 and PUMA maize grains, as well as amylopectin and amylose from Sigma-Aldrich taken as a reference, are shown in Figure 6 . The continuous lines in this figure showed the most intense diffraction peaks for amylose, which so far is the only crystalline structure that has been studied and defined (α-amylose 43 -1858) (JCPDS-International Centre for Diffraction Data 1997) [14] . As can be seen in this figure, starch from small, medium, and large maize grains for IMIC-254 and PUMA does not exhibit the characteristic peaks of amylose located at 19.70˚ (004), 22.25˚ (220), and 24.03˚ (130). On the other hand, the peak located around 23.106˚ is present only in amylopectin standard and in the samples studied; this is an indicative that the starch from these hybrids is formed mainly by amylopectin. This result is in agree to the Megazin test for both maize grains in which it was found that both starches are formed by amylopectin. Figure 7 shows the pasting profiles of isolated starch, crude flour, and nixtamalized corn flour obtained from small, medium, and large PUMA maize grains (Figures 7(a)-(c) ); and Figures 7(d)-(f) shows the pasting profile for IMIC-254 samples as a function of the time. A pasting profile can be influenced by the particle size, chemical composition of the grain, starch content, amylose and amylopectin ratio. Also, by the physicochemical transformation that take place during the nixtamalization process that gives as a result the increase in the Ca 2+ content and gelatinization (pre-gelatinization) for the nixtamalized samples. Isolated starch from puma exhibits a bigger peak viscosity that could be influenced by the amylopectin content (see Table 2 ). IMIC-254 crude flour does not show an apparent peak viscosity as well as the so call breakdown, and it is directly related to its composition, in the case of nixtamalized flours both samples for small, medium, and large grains showed the same behaviors as a function of the time. According to this figure, the particle size of the starch granule from small, medium, and large grains does not have any influence on the pasting profile (see Figure 2 ) because no statistical difference between these granules was found. Flours from medium grains in both cases exhibit the biggest peak viscosity. The pasting properties are governed by the thermal changes (gelatinization) produced by the thermo alkaline process and the inclusion of calcium [15] . 
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